INTRODUCTION
In present is increasing evidence that various chemicals such as pesticides, heavy metals and endocrine disrupters, introduced into the environment have the potential to damage endocrine system in wildlife and humans. The endocrine disrupting chemicals (EDCs) are an exogenous substances or mixture that alters functions of the endocrine system and consequently causes adverse health effects in an intact organisms (Sanderson, 2006) . These chemicals interfere with the synthesis, metabolism or action of hormones. The list of chemical compound affecting the action of sex hormones is growing. EDCs are able to mimic, block or modulate natural hormones and other chemical messengers. In addition the important effect of EDCs is in change in the ratio of estrogen to testosterone (either directly, through an increase in levels of estrogen mimics, or indirectly through metabolic changes resulting in changed 17 β-estradiol levels). This ratio is crucial for normal sexual development. Besides continuous impact of EDCs increase the risk of development of certain cancers (Nimrod and Benson, 1996) . Alkylphenolsethoxylate (APEO) are potential endocrine disrupting chemicals. This group consists of approximately 80% nonylphenolethoxylate (NPEO). NPEO are highly cost effective surfactants with exceptional performance and consequently used widely in industrial, commercial and household applications. The primary degradation product of NPEO is nonylphenol (NP). The term nonylphenol represents a large number of isomeric compounds varying in the point of attachment of the nonyl group to the phenol molecule and in the degree of branching in the nonyl moiety. It is common environmental contaminant widely used as part of detergents, paints and many other synthetic products. With development of industry, large amounts of nonylphenol were discharged into water, nature and environment (Wang and Shen, 1999). Many studies have classified NP as hazardous to the health of human and animals, especially to male reproduction. This metabolite has a structure mimicking estradiol and has been reported to have xenoestrogenic effects. NP exposure inhibits the growth of testes, affects the production and survival of sperms and also may cause The level of testosterone and other sex hormones are responsible for the maintenance of spermatogenesis and secondary sexual characteristics in the male. We have to emphasize thought that NP affect important mechanism called steroidogenesis. The mechanism by which nonylphenol modulates this process has not been well defined, but it can be partially explained by the inhibition or activation of the key enzymes required for the biosynthesis of hormones in Leydig cells, including CYP11A, 3β-HSD or 17β-HSD (Laurenza et al., 2002; Payne and Sha, 1991). In addition, NP administration increased reactive oxygen species (ROS) level and depressed the activity of antioxidant enzymes in testis. Higher level of ROS may initiate a series of reactions that damage cellular components resulting in cell death. Moreover, nonylphenol has been identified that can bind to the estrogen receptor and initiate transcription of the estrogen receptor -regulated genes in vitro (Bolger et al., 1998; Danzo, 1997; Gould et al., 1998). Although a lot of chemicals has the potential to disrupt reproductive function, their actual impact on reproductive health has not been defined thoroughly. The present study was conducted to evaluate the possible effect of 4-nonylphenol at different concentrations on cAMP stimulated androstenedione production and viability in mice Leydig cells.
MATERIAL AND METHODS
Mice Leydig cells can be isolated without enzyme treatment or by trypsinization (Bilinska and Stoklosowa, 1977). In our in vitro study interstitial cells were
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isolated by mechanical dissociation without enzyme treatment as previously described by Stoklosowa (1982) with slight modification. NMRI mice (Institute of Experimental Pharmacology, Slovak Academy of Sciences, Dobra Voda, Slovak Republic), 30-40g of weight and 8-9 week old were kept in a room and maintained on a 12h light:dark cycle and 20-25°C. In brief, twenty-six decapsulated testicles were placed on a grid or a sieve (of about 300 µm opening size) over a beaker. All next steps were performed under sterile conditions. With the help of a 10 mL syringe and needle (Luer 22G), interstitial cells were rinsed out with a vigorous stream of minimum essential medium (MEM, Live Technologies, Bratislava, Slovak Republic) without serum to beaker placed on ice. The cell suspension was subsequently collected and centrifuged. After centrifugation (300 x g, for 10 min, 4°C) the cells were washed twice and resuspended. Subsequently the cell suspension was adjusted with culture medium (MEM) supplemented with 10% fetal bovine serum (FBS; BiochromAG, Berlin, Germany), 100 IU/mL penicillin and 100 µg/mL streptomycin (Sigma -Aldrich, Bratislava, Slovak Republic) to a final concentration of 10 6 cells/mL. The cells were plated into sterile 24-well plates (Nunclon, Denmark). Then were treated for 44h in MEM medium that contained various concentration of 4-nonylphenol (4-n-NP; Fluka, Buchs, Switzerland), 0.04; 0.2; 1.0; 2.5 and 5.0 µg/mL. Cells destined for the determination of androstenedione production were cultured in the presence of cyclic AMP solution (db-cAMP, Sigma -Aldrich, Bratislava, Slovak Republic). All incubations were carried out at 34°C under a humidified atmosphere of 95% air and 5% CO2. After cell treatment the media were removed and frozen at -20°C until androstenedione determination. The resulting cell suspension was used for cell viability assessment.
Quantification of cAMP-stimulated androstenedione production
Determination of the androstenedione directly from aliquots of the culture media was performed by enzyme linked immunosorbent assay (ELISA). The ELISA kits were purchased from Dialab (androstenedione Cat. # K00197, Austria). These kits were used for quantitative determination steroid hormones and the samples were measured at wavelength 450 nm.
Cytotoxicity evaluation
The viability of the cells exposed to 4-nonylphenol in vitro was evaluated by the metabolic activity (MTT) assay (Mosmann et al., 1983) . This colorimetric assay measures the conversion of a yellow water-soluble tetrazolium salt (3-(4,5 -dimetylthiazol -2-yl)-2, 5 -diphenyl tetrazolium bromide) to purple formazan particles by mitochondrial succinate dehydrogenase of intact mitochondria of living cells. The amount of formazan was measured spectrophotometrically. In brief, interstitial cells were stained with a tetrazolium salt -MTT (Sigma, St. Louis, USA) and 24-well plates were inserted into a CO2 incubator. After 3h of incubation (34°C, humidified atmosphere of 95% air and 5% CO2) the reaction was stopped with 1 mL/well of isopropanol (2-propanol, p. a. CentralChem, Bratislava, Slovak Republic). The optical density was determined at a measuring wavelength of 570 -620 nm by an ELISA reader (Multiscan FC, ThermoFisher Scientific, Vantaa, Finland). The data were expressed in percentage of control.
Statistical Analysis
Obtained data were statistically analyzed using PC program GraphPad Prism 3.02 (GraphPad Software Incorporated, San Diego, California, USA). One way analysis of variance (ANOVA) and the Dunnett´s multiple comparison test were used for statistical evaluations. The level of significance was set at ***(P<0.001) ** (P<0.01) and * (P<0.05).
RESULTS AND DISCUSSION
In our in vitro study, Leydig cells were exposed to various concentrations of 4-nonylphenol (0.04; 0.2; 1.0; 2.5 and 5.0 µg/mL) for 44h. Different doses of this endocrine disruptor showed a possible effect on cAMP stimulated androstenedione production. As seen in Figure 1 , the androstenedione production was significantly (P<0.05) decreased at the 2.5 µg/mL concentration of 4-nonylphenol. CAMP stimulated hormone production also significantly (P<0.001) decreased at the highest doses (5.0 µg/mL) of 4-nonylphenol in comparison with CTRL group (without 4-NP treatment). Results of study indicated dosedependent decreases in cAMP androstenedione production of Leydig cells following a 44h in vitro 4-nonylphenol exposure.
Figure 1
The effects of 4-nonylphenol on the cAMP stimulated androstenedione production after 44h of in vitro cultivation.
Legend: Ctrl -control group. Each bar represents the mean (± SEM) androstenedione % of control (untreated) and treated group. The level of significance was set at ***(P<0.001) ** (P<0.01) and * (P<0.05).
The viability of mice Leydig cells was detected by the MTT cytotoxicity assay. The MTT assay measures the reduction of MTT to blue formazan in viable cells. Figure 2 shows potential impact of 4-NP on the Leydig cell viability after a 44h of in vitro cultivation. Viability of Leydig cells was slightly decreased at the lowest doses of 4-nonylphenol (0.04 and 0.2 µg/mL). Lower cell viability was recorded in the experimental groups supplemented with 2.5 and 5.0 µg/mL. However, this decrease was not significant in comparison with CTRL group (without 4-NP treatment). The results of this study suggested that lower concentration of 4 -nonylphenol do not damage the mitochondrial activity of mice Leydig cells. Various chemicals found in the human and wildlife environments have the potential to disrupt endocrine functions in exposed organisms. A lot of in vivo and in vitro experiments on 4-nonylphenol have focused on their endocrine disrupting and potential adverse effects on developing reproductive system (Sanderson, 2006) . Previous studies were usually performed using commercial nonylphenol, which is a mixture of many isomers. stimulated the MA-10 cell line using 8-Br-cAMP. In addition, the experimental groups were treated with H2O2. The result pointed out a decrease in the progesterone production when applying 100, 250 and 500 µM H2O2 in comparison with cells treated with cAMP alone. In the other in vitro study, MA -10 cells were treated with different doses of mono-(2-etylhexyl) phthalate (MEHP) for 24h and then maximally stimulated by luteinizing hormone (LH) for 2h. The ability of the cells to produce cAMP (essential for steroidogenesis) in response to LH was reduced significantly by exposing the cells to increasing MEHP concentrations. Consequently, it was observed dose-dependent reductions in cAMP stimulated progesterone production without effect on the ability of the cells to reduce MTT. These results suggested that in addition to its effects on cAMP production, MEHP exposure might also affect downstream in the steroidogenic pathway (Zhou et al., 2013) . We hypothesize that increased oxidative stress in response to 4-nonylphenol might be responsible for the reduced intracellular cAMP and androstenedione production. Mitochondria are one of the most important organelle of cells. Mitochondria are also target of many toxic compounds since damage to mitochondria which synthesize ATP gives rise to corresponding cells damage ( 
CONCLUSION
Recent studies have hypothesized that environmental exposure to nonylphenol poses adverse effects on reproductive system of humans and wildlife species. Therefore the exposure to nonylphenol and other endocrine disruptor in animals and humans must be seriously observed. Many authors investigated the toxic effect of nonylphenol on various types of cells. The data presented in our in vitro study describe the impact of endocrine disruptor on the Leydig cell biosynthesis of androstenedione and viability of cells after 44h treatment. We may conclude that some experimental doses (2.5 and 5.0 µg/mL) may significantly decrease cAMP stimulated androstenedione production, however in the case of cell viability an insignificant decrease was observed.
